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w (g> A magnetic field of a polarity corresponding to 
CO information to be recorded is applied while a record- 
ing spot having a high energy Is irradiated to a 
0> magneto-optical recording medium (1) to record do- 
W mains representing the information along a track. 
0 The recorded domains (106) are read out by a 
reproducing spot having a lower energy than the 
g- recording spot and a high resolution power along the 
track. A recording head (11) has an optical system 
(2-9) for irradiating the recording spot having the 



high energy to the magneto-optical recording me- 
dium (1) and a magnetic head (12) for applying a 
magnetic field having a polarity thereof switched in 
accordance with the information to be recorded, to 
an irradiation area of the recording spot, a reproduc- 
ing head (300) has an optical system for irradiating 
the reproducing spot having the low energy by a 
laser beam having a wavelength of not larger than 
600 nm and a magneto-optical signal detector for 
detecting a displacement of a polarization plane of a 
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reflected light of the reproducing spot to read out the 
recording domains. The magneto-optical recording 
medium (1) is made of a recording film having a 
multi-layer structure (101 -103) of alternate lamina- 
tion of metal layers and dielectric layers. 




RNSDOCID: <EP 0393652A2J.: 



2 



1 



BP 0 393 652 A2 



2 



MAGNETO-OPTICAL RECORDING AND REPRODUCING METHOD, MAGNETO-OPTICAL MEMORY APPARA- 
TUS AND MAGNETO-OPTICAL RECORDING MEDIUM THEREFOR 



BACKGROUND OF THE INVENTION 

The present invention relates to magneto-op- 
tical recording and reproducing method, magneto- 
optical memory apparatus and magneto-optical re- 
cording medium therefor, and more particularly to 
magneto-optical recording and reproducing method 
and magneto-optical memory apparatus for erasing 
and recording information by a magnetic field mod- 
ulation method by using a laser beam and an 
external magnetic field and reproducing the in- 
formation by using a laser beam to permit over- 
writing, and magneto-optical recording medium 
therefor. 

Prior art overwritable magneto-optical disk de- 
vices include one which uses two light spots as 
described in IEEE Transaction on Magnetics MAG- 
20, Vol. 5 p 1013 (1984), and magnetic field modu- 
lation recording in which a magnetic field applied to 
a recording film is modulated with recording in- 
formation as disclosed in JP-A-51-107121, JP-A- 
59-215083 and JP-B-60-48806. The present inven- 
tion particularly relates to the overwritable 
magneto-optical recording and reproducing method 
and magneto-optical memory apparatus by the lat- 
ter magnetic field modulation recording. 

The magneto-optical recording includes a light 
modulation recording system in which a light inten- 
sity is changed in which a light intensity is changed 
in accordance with information to be recorded 
while an external magnetic field is continuously 
applied in order to record the information, and a 
magnetic field modulation recording system in 
which a polarity of the external magnetic field is 
changed in accordance with information to be re- 
corded while a laser beam is continuously irradi- 
ated in order to record the information. In high 
density recording (in which a magnetic domain 
length is equal to or less than 0.5 urn), a variation 
of the magnetic domain length of a circular mag- 
netic domain due to the change of light power is 
large in the light modulation recording system and 
stable recording is hard to attain. On the other 
hand, in the magnetic field modulation recording 
system, the variation of the magnetic domain 
length of a crescent-shaped magnetic domain is 
much smaller than that in the light modulation 
recording system and stable high density recording 
is attained. 

However, in the magnetic field modulation re- 
cording system, since the recording and reproduc- 
ing are effected by a laser beam having a 
wavelength of 780 - 830 nm, the recording may be 
done but the reproduction of the magnetic domains 



recorded at a high density, with a high S/N ratio is 
difficult to attain. The S/N ratio decreases because 
the higher the rotation speed of the disk is, the 
larger is the end portions of the crescent-shaped 

6 magnetic domain. 

JP-B-62-59375 discloses a magneto-optical re- 
cording and reproducing apparatus for recording 
information by the light modulation recording sys- 
tem, in which a wavelength of a recording laser 

10 beam is longer than a wavelength of a reproducing 
laser beam, at least an objective lens is shared by 
a recording optical system and a reproducing op- 
tical system, and a beam spot size of the recording 
system is larger than that of the reproducing sys- 

15 tern. 



SUMMARY OF THE INVENTION 

20 In the magnetic field modulation recording sys- 

tem, the recording and reproducing are effected by 
the laser beam having the wavelength of 780 - 830 
nm. Accordingly, the stable high density recording 
is attained but the reproduction of the magnetic 

25 domains recorded at a high density, with a high 
S/N ratio is difficult to attain in view of an optical 
resolution power. Further, the higher the rotation 
speed of the disk is, that is, the higher a relative 
speed of a light spot and a recording medium is, 

30 the longer are the end portions of the crescent- 
shaped magnetic domain, as a result, the S/N ratio 
decreases. 

It is an object of the present invention to read, 
with a high S/N ratio, the information recorded at a 

35 high density by the magnetic field modulation re- 
cording system, and improve the S/N ratio in high 
speed recording. 

It is most effective to shorten a wavelength of a 
laser beam used for recording, reproducing or 

40 erasing in order to attain the high density. As the 
wavelength is shortened, a track pitch can be 
shortened and a bit interval can also be narrowed. 
Currently, the materials of the magneto-optical re- 
cording medium are amorphous alloys of rare earth 

45 elements and iron group elements. Among others, 
TbFeCo is a heart thereof. However, in the amor- 
phous alloy of the rare earth-iron group elements, 
as the light wavelength becomes shorter, a Kerr 
rotation angle reduces and a reproduced output 

so reduces. Further, a record magnetic domain 
formed is very small and a larger Kerr rotation 
angle is required. When the reproduced output is 
small, an error is likely to be Included and the 
reliability of information is lowered. 
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It is another object of the present invention to 
use a magneto-optical recording medium which 
produces a targe reproduced output even with a 
short light wavelength, reads out. with a high S/N 
ratio, magnetic domains recorded at a high density 
by the magnetic field modulation recording system, 
by using a reproducing light having a short 
wavelength so that the reliability is improved. 

The magneto-optical recording and reproduc- 
ing method of the present invention is character- 
ized by applying a magnetic field having a polarity 
corresponding to the information to be recorded 
while a high energy recording spot is irradiated to a 
magneto-optical recording medium to record do- 
mains representing the information along a track, 
and reading out the record domains by a reproduc- 
ing spot having a lower energy than that of the 
recording spot and having a high resolution power 
along the track. 

The size D of the light spot focused onto the 
recording medium is determined by a wavelength X 
of the light (laser beam) used and a numerical 
aperture (NA) of a focusing objective lens, that is, 
D = X/NA. In the magneto-optica! recording, the 
light spot having the high energy is irradiated to 
the recording film to raise a local temperature of 
the recording film to a Curie point to temporarily 
diminish the magnetization at the irradiated area so 
that a domain having a polarity corresponding to 
the magnetization externally applied to the irradi- 
ated area is recorded. As described above, it in- 
cludes the light modulation recording system and 
the magnetic field modulation recording system. In 
the light modulation recording system disclosed in 
JP-B-62-59375, a circular domain is formed and a 
minimum domain length (minimum track length of 
a domain which can be recorded on the recording 
film) is restricted by the size D of the focusing light 
spot. Where the continuously recorded domains 
are reproduced by a spot, a bit-to-bit interval is 
selected to be substantially equal to a spot diam- 
eter taking amplitude attenuation of the reproduced 
signal into consideration. 

Small size domains may be recorded by re- 
ducing the recording power of the light spot but the 
record is instable in view of the recording medium 
of the recording film and is likely to be affected by 
disturbance such as defocusing. Further, the repro- 
duced amplitude is significantly attenuated be- 
cause the spot diameter is larger than the domain 
diameter. Thus, in the light modulation recording 
system, the record density is limited by the size of 
the focusing light spot, that is, the wavelength X of 
the light (laser beam) in order to attain stable 
recording and reproducing. Accordingly, it is nec- 
essary to shorten the wavelength of the semicon- 
ductor laser in order to attain the high record 
density but a short wavelength laser which pro- 



duces a high power for recording is not available. 
Further, in the light modulation recording system, it 
is difficult to overwrite by one beam. 

On the other hand, in the magnetic field modu- 

5 lation system, the light is used only to raise the 
temperature of the recording film (vertically mag- 
netized film) and the information is recorded by 
switching the magnetic field of an external mag- 
netic coil. In this case, the size d of the record 

io domain along the track (time axis) is not deter- 
mined by the size of the focusing light spot, that is, 
the wavelength X of the light (laser beam) but it is 
determined by the switching time of the magnetic 
field. Presently, it is confirmed that domains which 

15 are 1/2 to 1/4 as large as the wavelength of the 
recording light source can be recorded. 

Thus, when the magneto-optical head capable 
of recording the information in the magnetic field 
modulation recording system is used as a record- 

20 ing head, the size of the record domain of the 
information is determined not by the wavelength of 
the light source of the recording head but by the 
switching time of the magnetic field of the mag- 
netic head. Accordingly, the recording at the den- 

25 sity which is 1/2 - 1/4 as large as the wavelength of 
the recording light source can be attained. 

The problem of long end portions of the 
crescent-shaped domain in the high speed record- 
ing may be solved by shaping the recording light 

30 spot to oval and making a light intensity distribution 
pedestal. The oval light spot may be formed by 
using a diffraction grating or an acoustic-optical 
effect. Alternatively, a desired shape on a mask 
pattern may be focused onto the recording medium 

35 through a lens. In this method, the shape control of 
the beam spot is attained without lowering the light 
intensity. 

On the other hand, the recorded information 
which include domains recorded at a minimum 

40 density which is 1/2 - 1/4 as large as the 
wavelength of the recording light source cannot be 
read out by the recording light source. In the 
present invention, the information is read out by a 
reproducing spot which has a lower energy than 

45 the recording spot and a high resolution power 
along the track. 

In accordance with one feature of the present 
invention, the optical resolution power in reading 
out the information may be attained by making the 

so wavelength of the reading light shorter than the 
wavelength of the recording light, particularly less 
than 600 nm. By making the wavelength of the 
reading light shorter than the wavelength of the 
recording light, the diameter of the reading light 

55 spot can be smaller than that of the recording light 
spot. In this case, it is preferable to read out the 
information by the light having the wavelength of 
less than 600 nm. ft is also preferable that the 
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recording wavelength is more than 600 nm, particu- 
larly more than 800 nm, and the reading 
wavelength is less than 600 nm. 

In accordance with another feature of the 
present invention, it is preferable that the shape of s 
the recording and/or reading light spot is oval. The 
oval light spot may be formed by using a diffrac- 
tion grating or an acoustic-optical effect. The shape 
of the recording and/or reading light spot may be 
controlled by passing the light through a pattern w 
mask having a desired shape and focusing the 
shape of the pattern mask onto a desired point 
through a lens. A mask patterned on a glass sub- 
strate may be used as the pattern mask to control 
the shape of the spot. 75 

As described above, in order to improve the 
record density, it is effective to shorten the 
wavelength of the laser beam used for recording, 
reproducing or erasing. In this case, a possible 
problem is a characteristic of a magneto-optical 20 
recording film. When high density recording is ef- 
fected by the magnetic field modulation recording 
system, the record domain size is small, and in 
order to read it out without error, the Kerr rotation 
angle must be no less than that of the presently 25 
available disk. A related prior art is disclosed in 
U.S. Patent 4,695,514. 

The amorphous alloys of rare earth element 
and iron group element have been mainly used in 
the prior art, and among others, TbFeCo is best. 30 
However, with this material, as the wavelength of 
the reproducing light becomes shorter, the Kerr 
rotation angle becomes smaller. Thus, it is difficult 
to reproduce without error. For further high density 
recording, it is necessary to reduce the size of the 35 
record domain and a large Kerr rotation angle is 
necessary at the wavelength of the light used in 
order to assure a sufficient S/N ratio. 

In accordance with other feature of the present 
invention, the magneto-optical recording film has 40 
alternately laminated layers of one element se- 
lected from Pt, Pd and Au, one element selected 
from Fe and Co, and a dielectric material of in- 
organic compound. 

. A recording film which matches to the 45 
wavelength of the laser beam used may be ob- 
tained by controlling the film thicknesses of the 
respective layers. Namely, the magneto-optical ef- 
fect may be maximized to attain a maximum S/N 
ratio at the given wavelength. The recording film is 50 
the alternately laminated films of meta! films and 
dielectric films. The accumulated metal film thick- 
ness is critical. Total film thickness is preferably 
less than 50 nm. If it is thicker than 50 nm, light 
absorption increases and both wavelength char- 55 
acteristic and disk characteristic are spoiled. 

As an alternative method for improving the 
wavelength characteristic and disk characteristic, a 



refractive index of the dielectric material film of the 
inorganic compound may be controlled instead of 
controlling the film thickness. The dielectric materi- 
als of the inorganic compound used are metal 
oxide, nitride, fluoride or calcogen compound. Spe- 
cifically, it is a compound which primarily consists 
of at least one selected from SiNx, SiOx, AINx, 
ZnS, AIF 3t Ti0 2 , BN, Al 2 0 3 . CrOx and Ta 2 0 5 . 

The dielectric materials are not limited to those 
but any materials which are transparent to the 
wavelength of the laser beam used may be used. 

A problem encountered when such a multi- 
layer film is used is diffusion between the layers. 
The diffusion is likely to occur particularly between 
the metal layers. In order to prevent the diffusion, 
two methods were considered. In one method, one 
or more selected from a group consisting of Pt, Pd, 
Au and Rh and one or more selected from a group 
consisting of Fe and Co are alloyed, and the alloy 
layers and the dielectric material layers are al- 
ternately laminated. 

In a second method, the disk is constructed as 
a heat diffusion type. Specifically, a metal layer 
having a high reflection coefficient and a high ther- 
mal conductivity such as Al, Au, Ag, Ca, Pt, Pd or 
Rh is arranged on the opposite side to the light 
input side and the heat is diffused through this 
layer to control a temperature distribution of the 
record film. In this manner, the diffusion of ele- 
ments between the layers, particularly between the 
metal layers can be suppressed. As a result, the 
disk characteristic, particularly, a reproduced out- 
put is not lowered even after a number of times of 
rewriting. This effect is also effective when the first 
method is combined. By using the heat diffusion 
structure, the structure relief of the record film can 
be suppressed. 

In order to control the thermal diffusion coeffi- 
cient by the metal layers provided for the thermal 
diffusion, one selected from Al, Au, Pt, Pd, Ag, Cu 
and Rh and a metal other than mother metal such 
as Al may be used. In this case, the thermal 
conductivity of the metal layer for the thermal diffu- 
sion may be arbitrarily selected by adding at least 
one metal selected from Au, Pt, Pd, Ag, Cu and 
Rh, or at least one metal element selected from Ti, 
Ta, Nb, Cr and Ni. In this manner, the recording 
sensitivity may be controlled. The addition of Ti, 
Ta, Nb, Cr or Ni is effective not only to control the 
thermal conductivity but also to facilitate the forma- 
tion of the passive coating. As a result, the reliabil- 
ity of the disk is further improved. 

As an application of the recording medium of 
the present invention, an information recording me- 
dium layer having a multi-layer structure is formed 
on a substrate having a guide groove, a metal 
reflection film is then formed, and an information 
recording medium layer having a multi-layer struc- 
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ture is further formed. Finally, the substrates are 
laminated to form a disk having dual recording 
surfaces. In this manner, the dual recording surface 
disk can be manufactured in a simple manner and 
a manufacturing cost is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a configuration of a magneto- 
optical disk apparatus which uses a magnetic field 
modulation recording system in accordance with 
the present invention; 

Figs. 2A to 2D illustrate information record- 
ing operation of the present invention; 

Fig. 3 shows a structure of a magnetic head 
used in the present invention; 

Fig. 4 shows a structure of a prior art mag- 
netic head; 

Fig. 5 shows a floating characteristic of a 
floating magnetic head used in the present inven- 
tion; 

Figs. 6A, 6B and 7 show other examples of 
magnetic head used in the present invention; 

Fig. 8 shows an intensity distribution of mag- 
netic field generated by the magnetic head used in 
the present invention; 

Fig. 9 shows a sectional view of a structure 
of a magneto-optical disk; 

Fig. 10 shows a wavelength depending of a 
minimum domain length which is detectable by 
edge detection; 

Fig. 11 illustrates one embodiment of a 
magneto-optical recording and reproducing method 
by the magnetic field modulation in accordance 
with the present invention; 

Figs. 12A and 12B show a configuration of a 
magneto-optical disk apparatus used to implement 
the method of Fig. 11; 

Fig. 13 shows an overall configuration of 
other embodiment of the present invention; 

Fig. 14 illustrates a recording optical head of 
Fig. 13; 

Fig. 15 illustrates a reproducing optical head 
of Fig. 13; 

Figs. 16A and 16B illustrate a tracking error 
detection method of Fig. 13; 

Figs. 17 and 18 illustrate a tracking error 
detection operation and an address pit signal de- 
tection operation of Fig. 13, respectively; 

Figs. 19 and 20 show other embodiments of 
the magneto-optical recording and reproducing 
method by the magnetic field modulation in accor- 
dance with the present invention; 

Fig. 21 shows a relation between a light spot 
shape and a record domain shape; 

Fig. 22 shows a principle of the magneto- 
optical recording by the magnetic field modulation 



recording system; 

Fig. 23 shows a diagram of a record domain 
produced by the magnetic field modulation record- 
ing system; 

5 Fig. 24 shows a principle of reproduction by 

a spot shape controlled optical system; 

Figs. 25, 28, 30 and 32 show sectional views 
of structures of the magneto-optical disk in the 
embodiments of the present invention; 

w Figs. 26, 29 and 31 show laser beam 

wavelength dependencies of the optical disks of 
the embodiments to a Kerr rotation angle; an'd 

Fig. 27 shows a relation between a total 
metal film thickness of the magneto-optical disk 

15 and the Kerr rotation angle in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

20 Prior to the description of the embodiments of 

the present invention, the magnetic field modula- 
tion recording is first explained with reference to 
Fig. 1. Numeral 1 denotes a magneto-optical disk 
which is a rotating recording medium and has a 

25 magneto-optical recording medium 101 having a 
magneto-optical effect and a protection layer 102 
formed on a disk-shaped transparent substrate 103. 
The magneto-optical disk is rotated by a rotation 
mechanism such as a rotary motor. A light emitted 

30 from a light source which is a semiconductor laser 
2 is collimated by a collimator lens 3 and directed 
to a focusing lens 5 through a beam splitter 4. The 
light beam focused by the lens 5 is directed to the 
substrate 103 of the disk to form a fine spot of 

35 approximately 1 dm in diameter on the recording 
film 101. The focusing lens 5 is mounted on an 
actuator 6 such that it follows the fluctuation of the 
disk 1 to always maintain the focus point on the 
recording film, and follows the eccentricity of the 

40 information recording track on the disk to always 
bring the spot onto a desired track. A light reflected 
by the disk 1 passes through the focusing lens 5 t 
is reflected by a beam splitter 4, and directed to a 
magneto-optical signal detecting optical system 8 

45 and a light point control signal detecting optical 
system 9 for detecting defocusing and off-track, by 
a beam splitter 7. 

An arrangement of the magneto-optical signal 
detection system 8 is shown. It is of differential 

so signal detection system which uses a X/2 plate 801 
and a polarization beam splitter 803. A light applied 
to the magneto-optical signal detecting optical sys- 
tem 8 passes through the X/2 plate 801 and the 
lens 802, and separated into polarization compo- 

55 nents S and P by the polarization beam splitter 
803. The polarization components are detected by 
photo-detectors 804 and 805, respectively, and 
converted to electrical signals, which are differen- 
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tiated by a differential amplifier 10, which is turn 
produces a magneto-optical signal. 

A floating magnetic head 12 is arranged on the 
recording film side which is on the opposite side to 
the optical head 1 1 with respect to the disk 1 . In 
Fig. 1, for illustration purpose, the magnetic head is 
shown in a 90 "-rotated position in the disk plane 
from the actual position and shown as an enlarged 
bird-eye view. The floating magnetic head 12 com- 
prises a coil for applying a magnetic field to the 
recording film and a slider for floating the head 
assembly, and it floats by an air pressure created 
by the disk rotation while the disk rotates. Since a 
floating height is essentially constant, the magnetic 
head 12 follows the fluctuation of the disk 1 and 
the spacing between the magnetic head 12 and the 
disk 1 is kept essentially constant during the opera- 
tion. The floating height Is larger than 1 urn 
(preferably larger than 2 um). With such a floating 
height, a head crash by dust, which is a problem 
encountered in a magnetic disk, does not take 
place and the apparatus may be used and the 
medium may be removable in atmosphere. 

The magnetic head 12 is forced against the 
disk 1 by a support spring 13 with a load of 5 - 10 
grams. Either a contact start/spot (CSS) method in 
which the magnetic head constants to the disk 
when the disk starts and stops rotation, or a meth- 
od in which the magnetic disk is separated from 
the disk until a disk rotation speed reaches a* 
predetermined speed may be used. Whichever 
method may be used, a mechanism 16 for verti- 
cally moving the magnetic head 12 is required 
when the disk 1 is exchanged. 

The floating magnetic head 12 is integrally 
coupled to the optical head 1 1 by a support arm 1 5 
so that it moves with the optical head 15 and the 
distance between both heads is kept constant. The 
magnetic head is arranged exactly above the light 
spot on the disk. It is not necessary to integrally 
couple both heads, but where they are not integ- 
rally coupled, means for keeping the distance be- 
tween the heads constant when the record position 
is moved radially of the disk and magnetic head 
move means for moving the magnetic head to a 
position exactly above the light spot are required. 

The optical head 11 is moved radially of the 
disk by a linear motor or a stepping motor. 

Figs. 2A to 2D illustrate an information record- 
ing method. In order to record information, the 
semiconductor laser 2 is activated to emit a high 
power continuous light as shown in Fig, 2B to heat 
the magneto-optical recording film 101 on the disk 
to approximately Curie temperature so that a coer- 
cive force at the Irradiated area is reduced. The 
magnetic head 12 is driven by a magnetic head 
drive circuit 14 so that a modulation magnetic field 
(Fig. 20) inverted according to the information to 
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be recorded (Fig. 2A) is applied to the magneto- 
optical recording film 101 to record the Information. 
A record status Is shown in Fig. 2D. Where an 
applied magnetic field intensity is to be varied in 
s order to keep a record condition constant in spite 
of variation of rotation speed of the disk as to its 
inner or outer periphery or laser output, an intensity 
modulation is used or a D.C. bias component is 
added to the magnetic field, in addition to the 

w polarity inversion. When new information is record- 
ed on an already-recorded area, the 01d informa- 
tion does not remain and the old information can 
be erased by overwriting. 

An embodiment of the floating magnetic head 

75 12 and the disk 1, which are principal components 
is explained in detail. The magnetic head 12 is a 
floating magnetic head which has a large floating 
height at a low linear speed and a wide effective 
magnetic field area. To avoid the head crash by 

20 dust, the floating height should be more than 1 um 
and preferably more than 2 um, and from a stand- 
point of alignment of the light spot and the mag- 
netic head, the effective magnetic field area of the 
head core is 50 um x 50 um to 1 mm x 1 mm and 

25 preferably 50 um x 50 um to 0.2 mm x 0.5 mm. 

Figs. 3A to 3E show an embodiment of the 
floating magnetic head used in the present inven- 
tion. Fig. 3C shows a slider surface an entire sur- 
face which faces the disk is the slider surface, and 

30 two essentially circular through-holes Ti and T 2 are 
formed on a center axis AA of the slider 301 along 
a direction of travel of the disk. Thus, a slider 
surface area which contributes to floating is larger 
than that of a magnetic head shown in Figs. 4A to 

35 4C and hence the floating height is larger. Air 
pressure distributions for floating are shown in 
Figs. 3D and 3E. Thus, the slider is supported at 
four points Pi - and it floats stably against 
pitching or rolling. The through-holes T^ and T 2 

40 may be essentially circular recesses. The depth of 
the recesses is determined to assure the air pres- 
sure distributions shown in Figs. 3D and 3E. With 
such a slider, where an outer dimension of the 
slide surface is 3 mm x 4 mm, a diameter of the 

45 holes Ti and T2 is 0.6 mm and a load is 5 grams, 
the floating height of 2 um is attained at a disk 
linear speed of 3 m/sec, as shown in Fig. 5. While 
two circular through-holes or recesses are shown in 
Fig. 3C, one or three such holes or recesses may 

50 be formed as shown in Figs. 6A and 6B. The shape 
of the holes or recesses need not be circular but it 
may be oval or rectangular. 

A magnetic field to the recording film is applied 
by a coil 302 mounted at trailing edge of the slider. 

55 A core of the coil is a magnetic material such as 
Mn-Zn ferrite, and it may be either integral with the 
slider or the core and the coil may be separately 
fabricated and coupled to the slider. In the latter 

7 
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case, the slider need not be a magnetic material 
such as Mn-Zn ferrite but it may be a non-mag- 
netic materia! such as ceramic. 

Where the magnetic material is used as the 
slider material, a leakage magnetic field of an ac- 
tuator 6 concentrates to the slide and a net mag- 
netic field intensity applied to the recording film is 
reduced or the magnetic head may vibrate by 
mutual action of the magnetic field generated in the 
magnetic core 302 and the leakage magnetic field. 
This problem is prevented when the non-magnetic 
slider is used. 

The magnetic field application position need 
not be at the trailing edge of the slider but it may 
be in the slider as shown in Fig.s 7A to 10. It is 
effective to the non-magnetic ceramic for the slider 
301 and a magnetic materia! only for the coil core 
302, or to use a hollow coil. In the latter case, a 
total inductance of the magnetic head can be re- 
duced and a frequency response to the magnetic 
head is improved, as will be explained later. 

The effective magnetic field area at the end of 
the coil is determined by (i) alignment precision of 
the magnetic head (ii) eccentricity of the disk, and 
(in) frequency response of the magnetic head. 
From the standpoint of (i) and (ii), a large area is 
required, but the frequency response of (iii) is 
deteriorated because the inductance increases. For 
example, 0.2 mm circumferential x 0.5 mm radial to 
0.1 mm circumferential x 0.1 mm radial is prefer- 
able. In the former case, a record frequency may 
be 3 - 5 MHz, and in the latter case, it may be 5 - 
10 MHz. 

In the former case, the radial length is larger 
than the circumferential length so that the light spot 
does not deviate from the effective magnetic field 
area even if it moves radially by the eccentricity of 
the disk. As shown in Fig. 1, the floating magnetic 
head 12 is fixed to the optical head 11 by the 
support arm 15 and is moved radially of the disk 
with the optical head. If a mechanism to follow the 
eccentricity of the disk is provided in the magnetic 
head 12, the magnetic field area may be reduced. 
In this case, however, a position control mechanism 
for the magnetic head is required in addition to that 
for the optical head and the apparatus is complex 
and expensive. In the present embodiment, in or- 
der to simplify and reduce cost of the apparatus, 
the effective magnetic fieid area has a larger radial 
length than the circumferential length. Where the 
optical head is incrementarily moved, by, for exam- 
ple, a stepping motor, the radial movement of the 
focusing spot is larger than the disk eccentricity 
and hence the radial length of the effective mag- 
netic field area should be larger than the disk 
eccentricity. In the magnetic disk or floppy disk, 
the magnetic field area of the magnetic head cor- 
responds to the record track width, but in the 



magnetic head used for the magneto-optical disk to 
the present embodiment, the magnetic field area is 
100 - 200 times as wide as the record track width 
by the reason described above. 

s The magnetic field area of the magnetic head 

used in the present invention is 50 - 100 times as 
wide as that of the magnetic head for the magnetic 
disk. As a result, a ratio of reduction of a vertical 
component of the magnetic field to a distance from 

10 the head is much smaller than that of the head for 
the magnetic disk. For example, for a magnetic 
head having a magnetic field area of 0.5 mm x 0.2 
mm, the reduction of the vertical component of the 
magnetic field at a position spaced from the edge 

75 of the head by 20 u.m is 2 - 3%, as shown in Fig. 
8. 

Where the magnetic fieid area is wide, the 
reduction of the magnetic field strength at a posi- 
tion spaced from the surface of the magnetic head 

20 by several tens urn may be smaller than that 
shown in Fig. 8, but the frequency characteristic is 
deteriorated. In order to achieve the recording fre- 
quency of several MHz, the magnetic field area is 
preferably smaller than 0.5 mm x 0.2 mm and the 

25 distance between the magneto-optical recording 
film and the magnetic head is preferably less than 
30 urn. These are important factors in designing a 
durable disk structure. 

Fig. 9 shows an embodiment of the disk 1. It is 

30 a single-side recording disk, and a light is irradi- 
ated to a substrate 901 and a magnetic field is 
applied to a recording film 903. The substrate 901 
is a glass or plastic plate having a thickness of 
approximately 1.2 mm. An enhancement film 902 

35 (S13N4 or SiO film having a thickness of approxi- 
mately 1000 A) for increasing a Kerr rotation angle 
is formed on one side of a magneto-optical record- 
ing layer 903 (TbFeCO film having a thickness of 
approximately 1000 A), and a protection layer 904 

ao (Si3N4 or SiO layer having a thickness of approxi- 
mately 2000 A) for enhancing corrosion resistance 
and oxidization resistance properties is formed on 
the other side. A protection coating 905 for enhanc- 
ing durability to the magnetic head is formed on 

45 the protection coating 904 to a thickness of 1 - 20 
urn, and preferably 5-10 urn. Thus, the distance 
between the recording film 903 and the magnetic 
head 12 is approximately 10-20 um. With such a 
distance, the magnetic field intensity is not reduced 

50 as shown in Fig. 8. 

The protection coating 905 may be an ultra- 
violet curing resin. A filler such as AI2O3 or lubri- 
cant may be mixed in the ultraviolet curing resin. 
The result of pass test reveals that more than one 

55 million passes had vertually no influence on 
write/read characteristics. Furthermore, a pin-on- 
disk test also revealed that more than one million 
passes made little damage to the protection layer. 
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In the magneto-optica! disk, the record, reproduce 
and erase characteristics are not affected so long 
as a defect or break does not reach the recording 
film. Accordingly, the protection coating may be 
thick as described above so that the disk durability 
and the environmental resistance are enhanced 
and the reliability of the apparatus is improved. 

The size D of the light spot focused onto the 
recording medium is determined by the wavelength 
X of the light (semiconductor laser 2) used and the 
numerical aperture (IMA) of the objective lens 5, 
that is, D = X/NA. In the magnetic modulation 
recording of the present invention, the size of the 
domain (domain length along the track) d recorded 
on the recording medium is not determined by the 
wavelength X of the recording light source and the 
numerical aperture NA of the focusing lens as it is 
in a write-after type optical disk or a magneto- 
optical disk of the light modulation recording sys- 
tem, but it is determined by the switching time of 
the magnetic field generated by the magnetic head 
12. Accordingly, a domain having a minimum do- 
main length along the track of 1/2 - 1/4 of the 
wavelength X of the recording light source can be 
stably recorded. For example, when a semiconduc- 
tor laser having a high output power (higher than 
approximately 5 mW) and a wavelength of 830 nm 
is used as the recording light source, a domain 
having a minimum domain length of 0.2 urn - 0.5 
Um can be recorded. However, the domain having 
such a small domain length cannot be read out by 
the spot of the recording semiconductor laser 
(wavelength 830 nm). 

The resolution power of the reproducing spot is 
now explained. A hatched area in Fig. 10 shows a 
minimum domain length (domain length along the 
disk rotation) which permits stable reproduction 
without edge shift (shift of edge positions between 
recording and reproducing) when the light spot is 
focused onto the magneto-optical disk 1 by the 
objective lens 5 having the numerical aperture of 
0.55. As seen from Fig. 10, when the light spot of 
the recording semiconductor laser having the 
wavelength of 830 nm is used, the limit of the 
resolution power is the domain having the mini- 
mum domain length of 0.68 - 0.76 um, and it is not 
possible to read out the domain smaller than 0.5 
um. Since the diameter D of the light spot is 
proportional to the laser wavelength X as described 
above, the magnetic domain having the domain 
length of less than 0.5 um can be read with a high 
S/N ratio if the wavelength shorter than 600 nm is 
used. 

One embodiment of the magneto-optical re- 
cording and reproducing method of the present 
invention is now explained with reference to Fig. 
11. In the present embodiment a recording light 20 
having a wavelength of 830 nm and a reproducing 
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light 21 having a wavelength of 420 nm are si- 
multaneously irradiated to a rotating magneto-op- 
tical disk 1 through a focusing lens 5 of an optical 
head to form a recording spot SP2 and a reproduc- 
5 ing spot SP1 on a recording film. Auto-focusing 
and tracking are conducted by the recording light 

20 of 830 nm. An external magnetic field source 
302 is located at the opposite side of the disk 1 to 
the optical head. The intensity of the external mag- 

10 netic field is modulated such that the recording 
light 20 of 830 nm is of high energy required to 
form the domain in the record mode and the re- 
producing light 21 of 420 nm is of low energy 
required to read out the information in order to 

15 record a crescent-shaped domain 106. In the read 
mode, the recording light 20 of 830 nm is of low 
energy required for auto-focusing and tracking, and 
the information is read out by the reproducing iight 

21 of 420 nm. The diameter of the circular light 
20 spot SP1 by the reproducing light 21 of 420 nm is 

approximately one half of the diameter of the cir- 
cular light spot SP2 by the recording light 20 of 
830 nm. The CN ratio when the information is read 
by the reproducing light of 420 nm is approxi- 

25 mateiy 5 dB larger than the CN ratio when the 
information is read by the recording light 20 of 830 
nm. It has been confirmed that the SN ratio is 
improved by shortening the wavelength of the 
reading light than the wavelength of the recording 

30 light. 

Fig. 12 shows an example of the magneto- 
optical disk apparatus which implements the 
magneto-optical recording and reproducing method 
of Fig. 11. A laser array is used as the laser light 

35 source 2. In Fig. 12, the support spring 13, support 
arm 15 and magnetic head transport mechanism 
16 shown in Fig. 1 are omitted. In Fig. 12A, the 
positional relationship of the focusing spot on the 
disk is shown with 90 " -rotation in the plane of disk 

40 as is done in Fig. 1 . The semiconductor laser array 
having two laser chips LD1 and LD2 of different 
wavelengths mounted in one package is used as 
the light source. LD1 is a low power laser having a 
wavelength of 420 nm and used to reproduce the 

45 magneto-optical signal, and LD2 is a high power 
laser having a wavelength of 830 nm and used to 
record and erase the signal and to control a light 
spot. The positional relationship of the light spots 
SP1 (wavelength 420 nm) and SP2 (wavelength 

so 830 nm) formed on the disk by those laser light 
sources is shown in Fig. 12B. The spot SP2 ad- 
vances on the track. The diameter of the reproduc- 
ing spot SP1 is approximately one half of that of 
the recording spot SP2. The crescent-shaped 

55 record domain having the minimum magnetic do- 
main of approximately 0.35 um recorded by the 
magnetic field modulation recording system can be 
reproduced by using the recording spot SP2 and 
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the magnetic head 12. In the present embodiment, 
the information is recorded by the spot SP2 and an 
error is checked by the spot SP1 . The error check 
is made by comparing the record signal and the 
magneto-optical signal reproduced by the spot 
SP2, by a comparator 17. The comparison result is 
supplied to a controller 18, which instructs rerecor- 
ding if the signals are not equal, that is, if an error 
is detected. In the present embodiment, the input 
signal to the magnetic head drive circuit 14 is used 
as a reference signal for comparison although it 
may be the magnetic head drive current which is 
the output of the magnetic head drive circuit 1 4. 

In the prior art magneto-optical disk, total of 
three disk revolutions, one for each of erasing, 
recording and checking are required to rewrite the 
information recorded on the disk. In the present 
embodiment, those three operations are done in 
one disk revolution and an effective data record 
time is significantly shortened. 

In Fig. 12, the reproducing spot SP1 and the 
recording spot SP2 are irradiated from one optical 
head 11. Alternatively, the reproducing spot SP1 
and the recording spot SP2 may be irradiated from 
separate optical heads. Such an embodiment is 
explained below. 

In the present embodiment a recording optical 
head and a reproducing optical head are separately 
provided and information is recorded by the mag- 
netic field modulation recording system which per- 
mits recording of domains having a minimum do- 
main length which is 1/2 - 1/4 of the wavelength of 
the recording light source. The information is repro- 
duced by the reproducing optical head by produc- 
ing a laser beam having a wavelength which is one 
half of the wavelength of the recording light source 
from a light source having the same wavelength as 
that of the recording light source by using a sec- 
ond harmonics generator. In this manner, more 
than double recording density Is attained compared 
to the recording and reproducing by the recording 
light source and more than double memory capac- 
ity is attained. Fig. 13 shows an overall configura- 
tion of a magneto-optical disk apparatus which is 
one embodiment of the magneto-optical recording 
and reproducing apparatus of the present invention. 
A recording optical head 200 and a reproducing 
optical head 300 mounted on a linear actuator are 
arranged to face each other or 90-degree shifted 
positions on a base 100. A spindle motor 18 is 
arranged at the center and an optical disk 1 is 
attached to the spindle motor 18 to rotate at a 
constant speed. The recording film of the magneto- 
optical disk 1 is formed by vapor deposition or 
sputtering of rear earth - transition metal. Detail of 
the recording film will be described later. A mag- 
netic head 12 is arranged on the recording optical 
head 200 to face the magneto- optical disk 1 or on 



the side of the optical head. The information Is 
recorded by the magnetic field modulation in which 
the direction of a current supplied to the magnetic 
head 12 is switched in accordance with the in- 

6 formation to be recorded while a high output laser 
beam is irradiated from the recording optical head. 
The recording optical head 200 and the reproduc- 
ing optical head 300 are radially movable by linear 
actuators 22 and 74, respectively, and they are 

io positioned to the same track or any tracks by a 
control circuit 600. 

Referring to Fig. 14, the construction of the 
recording optical head 200 is explained in detail. A 
recording semiconductor laser 23 is of a high out- 

is put power type having a wavelength of approxi- 
mately 830 nm. A light beam emitted from the 
semiconductor laser 23 is condensed by a coupling 
lens 24 and it is coliimated and passes through a 
polarization prism 25, a quarter wavelength plate 

20 26 and a galvano mirror 27 and is directed to a 
focusing lens mounted or a voice coil 28. The light 
beam is focused into a spot SP2 of approximately 
1 iim or the magneto-optical disk 1 by the focusing 
lens 29. The quarter wavelength plate 26 is ar- 

25 ranged at an angle of 45 degrees relative to a 
polarization plane (P polarization) of the incident 
light, and it is circular-polarized on the magneto- 
optical disk 1. The semiconductor laser 23 pro- 
duces a DC high output of approximately 10 mW 

30 on the magneto-optical disk when information is to 
be recorded to aid the temperature raise for re- 
cording the information by the magnetic field mod- 
ulation, and produces, in other mode, a low output 
of 1 - 2 mW in order to read address information 

35 pre-recorded (or preformatted) on a track in the 
form of pit to position the light beam to a desired 
track. The light reflected by the magneto-optical 
disk 1 again passes through the focusing lens 29, 
the galvano mirror 27 and the quarter wavelength 

40 plate 26, and it is S-polarized and split by the 
polarization prism 25, Then, It is directed to a lens 
30. The light is then divided into two equal parts by 
a half-prism 31 and they are directed to multi- 
divided photo-detectors 32 and 33 of the same 

45 shape. The photo-detector 32 is arranged in front 
of a focal point of the lens 30 and the photo- 
detector 33 is arranged behind the focal point of 
the lens 30. The outputs of the photo-detectors 32 
and 33 are differentiated by a differential amplifier 

so 34 to produce an auto-focusing detection signal, 
which is supplied to the voice coil 28 through an 
AF servo circuit 35 which includes a phase com- 
pensation circuit and a drive circuit. In this manner, 
the spot SP2 focused by the focusing lens 29 is 

55 kept in-focus irrespective of the vertical vibration of 
the magneto-optical disk 1. The technique of de- 
tecting the focusing signal by the front-back dif- 
ferentiation is disclosed In U.S. Patent 4,742,218. 
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Other outputs from the photo-detectors 32 and 33 
are differentiated by a differential amplifier 36 to 
produce a tracking error detection signal which 
drives the galvano mirror 27 through a TR servo 
circuit 37 which includes a phase compensation 
circuit and a drive circuit. In this manner, the track 
is exactly traced by the spot SP2. Further, other 
outputs of the photo-detectors 32 and 33 are 
summed by an adder 38 to produce an address 
information signal pre-recorded on the track in the 
form of uneven pattern. It is digitized by an ad- 
dress information detection circuit 39, and a track 
address Is detected by a demodulator 40. It is 
supplied to the control circuit 6 to position the 
optical head. An external scale 41 for accessing is 
mounted on the optical head 2. For example, a 
relative displacement may be determined by a 
moire fringe caused by a movable scale and a 
stationary scale. A signal from the external scale 41 
is pulsed by an external scale detection circuit 42 
and it is supplied to a control circuit 600. The 
accessing is carried out by calculating a difference 
between a current address of the optical head 200 
and a target address instructed from a host, divid- 
ing the difference by a pitch of the external scale, 
driving a linear actuator 22 by the quotient address 
through an actuator driver 43 to drive the optical 
head 200, and jumping the tracks by the number 
equal to an error to the target address by the 
galvano mirror 27. in the record mode, the semi- 
conductor laser 23 generates the DC high output 
through a laser driver (not shown). An information 
signal to be recorded sent from the control circuit 
600 is supplied to the magnetic head 12 through 
the magnetic head driver 14 and the direction of 
the current is switched to record the information by 
the magnetic field modulation system. The size of 
the domain recorded on the magneto-optical disk is 
not determined by the wavelenghth of the record- 
ing light source 23 and the numerical aperture (NA) 
of the focusing lens 19 as is done in the conven- 
tional optical disk such as the write-once type 
optical disk or the light modulation type magneto- 
optical disk, but it is determined by the switching 
time of the magnetic field by the magnetic head 
12. Accordingly, the domain having the size which 
is 1/2 - 1/4 of that of the conventional optical disk 
can be recorded. Since such a small domain can- 
not be resolved by the spot of the recording semi- 
conductor laser 23, the domain information record- 
ed is not reproduced by the recording head 200 in 
the present embodiment. Therefore, the recording 
head 200 of the present embodiment does not 
have a magneto-optical signal detecting optical 
system. 

The construction of the reproducing optical 
head 300 is explained In detail with reference to 
Fig. 15. Since the reproducing head 300 is to 



reproduce the domain having a minimum domain 
length which is 1/2 to 1/4 of that of the conventional 
optical disk, it is necessary that the wavelength of 
the reproducing light source is shorter than the 
5 recording wavelength, for example, approximately 
one half. In the present embodiment, the reproduc- 
ing light source comprises a combination of an 
semiconductor laser 50 having the same 
wavelength as that of the recording light source 

io and an optical wave guide type second harmonics 
generator 51, A light emitted from the semicon 
ductor laser 50 is condensed by a lens 52 and 
directed to an optical wave guide path of the sec- 
ond, harmonics generator 51. The second harmon- 

75 ics having one half wavelength of the recording 
wavelength, and phase-matched with a fundamen- 
tal wave of the recording wavelength is radiated 
from the optical wave guide path conically at an 
angle e. Accordingly, an optical element 53 which 

20 corrects, condenses and collimates the conically 
radiated light is arranged. The technique of gen- 
erating the second harmonics and correcting and 
condensing such light is disclosed in U.S. Patent 
Application Serial No. 07/408,537 (EP Application 

25 89116784.3), the contents of which are incorpo- 
rated herein by reference. The light having one half 
wavelength of the recording wavelength, from the 
optical element 53 passes through a polarization 
prism 54 which transmits n% (80 > n > 50) of a P- 

30 polarization component, and a galvano mirror 55 
and is focused into a fine spot SP1 on the 
magneto-optical disk 1 by a focusing lens 57 
mounted on a voice coil 56. The light reflected by 
the magneto-optical disk 1 again passes through 

35 the focusing lens 57 and the galvano mirror 55. It is 
then split by a polarization prism 54 and it is 
directed to a one-half wavelength plate 58, a lens 
59 and a polarization prism 60. The one-half 
wavelength plate 58 is set at an angle of 22.5 

40 degrees relative to a polarization plane in order to 
rotate the polarization plane of an incident light to 
the polarization prism 60 by 45 degrees. In this 
manner, the light reflected by the magneto-optical 
disk 1 is divided into two, a P-polarization compo- 

45 nent and an S-polarization cqmponent, and they 
are directed to photo-detectors 61 and 62 arranged 
in front of and behind the focal point of the lens 59, 
in order to detect the auto-focusing detection sig- 
nal, the tracking error detection signal and the 

so address signal as they are detected by the record- 
ing optical head 200. Further, a magneto-optical 
signal is detected by utilizing a Kerr effect in which 
a polarization plane of the reflected light is slightly 
rotated depending on the upward or downward 

55 direction of magnetization of the domain recorded 
on the vertically magnetized film on the magneto- 
optical disk 1. The outputs from the photo-detec- 
tors 61 and 62 are differentiated by a differential 
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amplifier 63 to produce an auto-focusing detection 
signal, which drives the voice coil 56 through an AF 
servo circuit 64 which includes a phase compensa- 
tion circuit and a drive circuit. In this manner, the 
spot SP1 focused by the focusing lens 57 is kept s 
in-focus. Other outputs from the photo-detectors 61 
and 62 are differentiated by a differential amplifier 
65 to produce a tracking error signal, which drives 
the galvano mirror 55 through a TR servo circuit 66 
which includes a phase compensation circuit and a to 
drive circuit. In this manner, the spot SP1 can 
exactly trace the track. Other output from the 
photo-detectors 61 and 62 are summed by an 
adder 67 to produce an address information signal 
prerecorded on the track. It is digitized by an 75 
address information detection circuit 68, and a 
track address is detected by a demodulator 69. It is 
supplied to the control circuit 600 to position the 
optical head 300. The address information pre- 
formatted on the track should be read by both of 20 
the recording optical head 200 and the reproducing 
optical head 300. It is in the form of phase-struc- 
tured pit. The size of the pit should be large 
enough to permit the reading, by the recording 
optical head 200 having a longer wavelength iight 25 
source, and a minimum pit length is no smaller 
than the wavelength of the recording light source 
(semiconductor laser 23). The outputs of the photo- 
detectors 61 and 62 with the address information 
signal are differentiated by a differential amplifier 30 
70 to produce a magneto-optical signal, which is 
supplied to the control circuit 600. An external 
scale for accessing is attached to the reproducing 
optical head 300 as it is in the recording optical 
head 200. It is pulsed by an external scale detec- 35 
tion signal 72 and supplied to the control circuit 
600. A linear actuator 74 is driven through an 
actuator drive circuit 73 by an instruction from a 
host so that the reproducing optical head 300 may 
be positioned to a desired track. 40 

In the present embodiment, it is necessary to 
follow the same track by the recording optical head 
200 and the reproducing optical head 300 having 
different wavelengths. A tracking method is ex- 
plained with reference to Hg. 16. The tracking as 
method includes a diffraction light differential meth- 
od (push-pull method) and a 3-spot method. First, 
the diffraction light differential method for the re- 
cording optica! head 200 and the reproducing op- 
tical head 300 is explained with reference to Fig. so 
16A. Guide grooves 110 are pre-formed spirally at 
a constant pitch on the disk 1. The pitch is sub- 
stantially equal to a spot diameter D1 = X1/NA1 
where X1 is the wavelength of the recording light 
source (semiconductor laser 23) and NA1 is the 55 
numerical aperture of the focusing lens 29 mounted 
on the recording optical head 200. In the diffraction 
light differential type, a 'center of track and a di- 



vision line of the 2-split photo-detector coincide 
with respect to the reflected diffraction light from 
the disk 1, and the tracking error detection signal is 
detected by a difference between the two outputs 
of the 2-split photo-detector. An amplitude of the 
tracking error detection signal is determined by an 
optical depth of the guide groove 110. The tracking 
error detection signal is maximum when the optical 
depth of the guide groove 110 is 1/8 of the 
wavelength of the light source, and minimum or 
zero when It is 1/4 of the wavelength. In the 
present embodiment, it is necessary that the op- 
tical depth of the guide groove 110 is set so that it 
is not equal to 1/4 of each of the two different 
wavelengths, that is, the wavelength X1 of the re- 
cording optical head and the wavelength X2 ( = 
X1/2) of the reproducing optica! head. As a first 
setting, the optical depth of the guide groove 110 
may be set to X1/12 (= X2/6), and as a second 
setting, the optical depth of the guide groove 110 
may be set to X1/6 (= X2/3). This is illustrated in 
Fig. 17 in which calculated result of the tracking 
error detection signal by a diffraction calculation 
formula of the optical disk is shown, with X1 = 830 
nm, (X2 - 4/5 nm), the shape of the guide groove 
110 being rectangular, the width of the guide 
groove 110 being about 0.4 urn, the track pitch 
being about 1.6 urn and the numerical aperture 
(NA) of the focusing lens being 0.55, where a sign 
of - represents a polarity. In this manner, the am- 
plitude of the tracking error detection signal at the 
recording optical head 200 and the amplitude of 
the tracking error signal at the reproducing optical 
head 300 are made equal to each other. However, 
when the second setting is used, the polarity of the 
tracking error detection signal at the recording op- 
tical head 200 and the polarity of the tracking error 
detection signal at the reproducing optical head 
300 are different. Since the pitch of the guide 
grooves 110 is equal to the size of the focusing 
spot SP2 (Fig. 16) of the recording light source, if 
the focusing spot SP1 irradiated by the reproduc- 
ing optical head is circular, the focusing spot SP1 
is too small relative to the pitch of the guide groove 
110 and a dead band is created in the tracking 
error detection signal around the center of the 
track. In order to prevent it, the spot SP1 of the 
reproducing optica! head 300 is rendered oval ex- 
tending transversely to the track as shown in Fig. 
16A, by the optica! element 53 in Fig. 15. The 
trackwise size of the oval spot SP1 is one half of 
that of the spot SP2. Address pits 112 which repre- 
sent the address information are recorded on a 
land of a track having a center between adjacent 
guide grooves as a track center. When the optical 
depth of the preformatted pits such as address pits 
is equal to X1/6 (= X2/3) like in the second setting 
described above, the amplitudes of the address 
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information signals detected by the recording op- 
tical head 200 and the reproducing optical head 
300 are rendered equal (Fig. 18). In Fig. 18, the 
address pit signal is calculated with the same pa- 
rameters as those used in the calculation of the 
tracking error detection signal. 

The operation when the diffraction light dif- 
ferential type is used for the recording optical head 
200 and the 3-spot type is used for the reproduc- 
ing optical head 300 is explained with reference to 
Fig. 16B. The diffraction light differential type in the 
recording optical head 200 has been described 
above and it is omitted here. In the 3-spot type, O- 
order light and ±1 -order lights are generated by a 
diffraction grating, and the 0-order light is used as 
a main beam SP1 and positioned at the center of 
the track to read the information. The ±1 -order 
lights are used as sub-beams and positioned close- 
ly to the guide groove 110. The outputs of the two 
photo-detectors corresponding to the two sub- 
beams are differentiated to produce the tracking 
error detection signal. The optical depth of the 
guide groove 110 is equal to X1/8 X2/4). As a 
result, a maximum tracking error detection signal is 
produced by the recording optical head 200 of the 
diffraction light differential type and a maximum 
tracking error detection signal is also produced by 
the reproducing optical head 300 of the 3-spot 
type. The diffraction grating is most preferably ar- 
ranged between the optical element 53 and the 
polarization prism 54 in the reproducing optical 
head 300. The optical depth of the address pits 
112 which represent the address information is 
preferably equal to X1/6 (= X2/3) as it is in Fig. 
16A so that the information may be reproduced 
either by the recording optical head 200 or by the 
reproducing optical head 300. In the above descrip- 
tion, information is recorded and reproduced on 
and from one disk. The present invention is also 
effective in recording and reproducing information 
on and from stacked multi-disks. The 3-spot track- 
ing method per se has been known by, for exam- 
ple, U.S. Patent 3,876,842. 

In Fig. 19, the light 21 irradiated to the 
magneto-optical disk 1 is only one which has the 
wavelength of 420 nm and the intensity of the light 
21 is switched to record and reproduce the in- 
formation. The S/N ratio is improved over a case 
where the information is recorded and reproduced 
by using only the light having a wavelength of 830 
nm. 

In Fig. 2, the light 21 having the wavelength of 
420 nm is formed into a number of circular spots 
by an acousto-optical element 90, and they are 
overlapped to form an oval spot SP2\ The end 
portions of the crescent-shaped domain are short- 
ened when the light spot SP2' is used to record 
the information. When the domain is read by the 



circular or oval spot having the wavelength of 420 
nm, the SN ratio is improved over a case where 
the information is recorded by the circular spot. 
In addition to the acousto-optical element, a 
s diffraction grating may be used as means for for- 
ming the oval light spot. Where the recording spot 
and the reproducing spot are oval, the optical sys- 
tem is simplified. 

The end portions of the crescent-shaped do- 
io main become long In a high speed recording 
(higher than a linear velocity of 15 m/sec) because 
the light intensity at the center of the spot is high in 
the circular light spot and hence the temperature 
rise, at the center of the light spot is high. In this 
75 case, the amplitude of the reproduced signal is 
small and the S/N ratio is lowered. When the oval 
light spot having the oval intensity distribution 
along the radius of the disk is used, the tempera- 
ture distribution along the radius of the disk is 
20 substantially constant and the domain having short 
end portions can be recorded. In this case, the 
amplitude of the reproduced signal is large and the 
S/N ratio is improved. 

A principle of the magneto-optical recording of 
25 the magnetic field modulation recording system 
used in the present embodiment is illustrated in 
Fig. 22. In the disk 1, a magneto-optical recording 
medium 101 and a protective film 102 are formed 
on a substrate 103. Information is recorded by 
ao switching the magnetic field by trie floating mag- 
netic head 12 while a laser beam 21 is continu- 
ously irradiated to the recording medium through 
the lens 5. The recorded domains are shown in 
Fig. 23. It was recorded at a disk rotation speed of 
35 2400 Vpm, a recording laser power of 7 mW, a 
laser beam wavelength of 500 nm and a frequency 
of 30 MHz. It was attempted to reproduce it by a 
conventional circular light spot but the noise level 
was very high and the reproduced output was very 
40 small. The recorded information could not be re- 
produced at all because the light spot was much 
larger than the record domain. Then, the informa- 
tion was reproduced by using the optical system 
shown in Fig. 24. As described above, the shape of 
45 the record domain is crescent. The laser beam 21 
is irradiated through a slit 160 having a slightly 
larger crescent-shaped hole than the crescent- 
shape of the record domain. The light transmitted 
through the slit 160 is focused by the lens 5 to 
so form an image 170 on the recording film 101 
formed on the disk substrate 103. A magnitude 
relationship between the image 170 and the record 
domain 180 is shown enlarged at a left top of Fig. 
24. If the size of the image is too larger than the 
65 record domain, it overlaps with an adjacent domain 
to cause cross-talk and error. The Image may be 
focused by an auto-focusing (AF) circuit similar to 
that of the tracking signal. By using the light having 
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the spot shape thereof controlled, the recorded 
signal can be reproduced without error. A maxi- 
mum CN ratio (carrier to signal ratio) was 43 dB 
(NA = 0.60). This means that the recorded small 
domain can be read out with a high resolution 
power without cross-talk. 

In the present embodiment, the shape of the 
light spot is controlled by the magnetic field modu- 
lation recording system for use in the magneto- 
optical recording. It is needless to say that the 
present invention is applicable to write-once type 
optical recording having small pits, phase change 
type optical recording as well as any optical re- 
cording such as CD-ROM, compact disk and laser 
disk. The slit may be a dark-bright pattern formed 
on a glass plate. 

An example of single wavelength has been 
described. An example where two light sources 
having different wavelength in now explained. In 
this example, the wavelength of the recording and 
erasing light and the wavelength of the reproducing 
light are different The wavelength of the reproduc- 
ing light is shorter than the wavelength of the 
recording and erasing light. For example, the re- 
producing light is of 500 mm and the recording and 
erasing light is of 780 nm. Two optical system may 
be used as shown in Fjg. 13 or two light sources 
may be appropriately switched or mixed as shown 
in Fig. 12. In any case, what is important is to 
utilize the light having the spot shape thereof con- 
trolled as shown in Fig. 24 for at least the re- 
producing system. 

By controlling the spot shape of the recording 
laser beam, the shape of the record domain formed 
can be controlled. This results in further improve- 
ment of the recording density. 

A multi-layer structure magneto-optical record- 
ing film used in the present invention is now ex- 
plained. By using the multi-layer structural 
magneto-optical recording film of the present in- 
vention, a magneto-optical effect is maximized in a 
vicinity of a wavelength of 400 -600 nm. Informa- 
tion can be reproduced with a high S/N ratio from a 
recording medium having domains smaller than the 
recording spot formed thereon by the magnetic 
field modulation recording system and information 
recorded thereon at a high S/N ratio and a high 
density. Where the film thickness of the metal layer 
is smaiier than 50 nm to permit ihe transmission of 
the light and a metal reflection layer is arranged on 
the opposite side to the incident side of the light, 
the light utilization efficiency is improved and a 
larger magneto-optical effect is attained by the 
combination of the Kerr effect and the Faraday 
effect. Thus, very high density optical recording is 
attained. Since the metal layer also controls the 
heat diffusion in the disk in addition to the improve- 
ment of the light utilization efficiency, the mutual 



diffusion between the recording film layers and the 
relief of the amorphous structure can be sup- 
pressed and the protection property of the record- 
ing film can also be suppressed. Thus, the reliabil- 
5 ity of the recording medium is significantly im- 
proved. 

In an embodiment of Rg. 25, Pt, and Co re- 
cording films and SiNx films are alternately lami- 
nated. The disk is manufactured by a sputtering 

10 method. A sectional structure thereof is shown in 
Fig. 25. Targets were Pt, Co and Si3N4, and a 
manufacturing atmosphere was Ar and a pressure 
was 0.67 Pa (5 x 10~ 3 Torr). The Pt film 502 and 
the Co film 503 were formed on the substrate 501 

15 by a DC sputtering method, and the SiaN 4 film 504 
was formed by an RF sputtering method. A char- 
acteristic of the resulting film is not affected even if 
all there films are formed by the RF sputtering 
method. During sputtering, the substrate 501 was 

20 rotated at 100 rpm. The three elements were si- 
multaneously discharged, rotated at a high speed 
and laminated to form the multi-layer structure. By 
this method, the substrate 501 is present in any 
one of plasmas and is hard to take into impurity 

25 gas component such as oxygen, and has a high 
errosion resistance. 

The Pt film 502 is of 10 A thick, the Co film 
503 is of 5 A thick and the SiNx film 504 is of 8 A 
or 10 A thick. The thicknesses of the respective 

30 films were controlled by controlling the RF power 
or the current in the DC sputtering. Twenty com- 
binations of the Pt layer 502, Co layer 503 and 
SiNx layer 504 were formed. Then, an AlssThs film 
of 500 A thick was formed as a reflection layer 

35 504. 

The material of the reflection film is selected in 
accordance with a desired recording sensitivity of 
the disk. The materials Pt, Pd, Rh, Ag and Au have 
high reflection coefficients and high thermal con- 

40 ductivity. Ti, Ta, Nb, Cr or Ni is added thereto to 
control the thermal conductivity and improve the 
errosion resistance of the reflection film 505 to 
improve the protection ability of the recording film. 
In this manner, a magneto-optical disk having a 

45 high reliability is manufactured. 

Fig. 26 shows wavelength dependency of the 
recording film thus formed to the Kerr rotation 
angle. A broken line shows the characteristic of the 
siNx fiim 504 of 8 A thick, and a soiid iine shows 

so the characteristic of the SiNx film 504 of 10 A 
thick. By controlling the thickness of the SiNx film, 
the wavelength at which the Kerr rotation angle 
reaches a peak value can be changed. Thus, a 
maximum Kerr rotation angle for the wavelength of 

55 the light used can be attained. As the means 
therefor, a refractive coefficient of SiNx may be 
controlled instead of changing the thickness of the 
SiNx film. When the alternate laminated films of 
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only the Pt films 502 and the Co films 503 without 
the SiNx film 504, the resulting rotation angle is 
reduced to 0.3* - 0.4* (X = 400 - 600 nm). By 
alternately laminating the three layers Pt/Co/SiNx, a 
sufficiently large increase in the Kerr rotation angle 
is attained only by the recording film. 

In the alternate laminated film, when the totai 
thickness of the metal layers exceeds 500 A and 
reaches 600 A, the light absorption remarkably 
increases and the Kerr rotation angle decreases, as 
shown in Fig. 27 (comparative example 1). Where 
the reflection layer 505 is not provided, the light 
utilization efficiency lowers even if the total thick- 
ness of the metal films is smaller than 500 A and 
the rotation angle is not increased (comparative 
example 2). Thus, the control of the total film 
thickness and the provision of the reflection film 
are effective in attaining a high performance 
magneto-optical disk. 

In the present embodiment, the same effect is 
attained when Pd or Au is used in- place of Pt and 
Fe is used in place of Co. Further, SiO or AIN may 
be used in place of SiNx. Any dielectric material 
which is . optically transparent (transparent at the 
wavelength of the light used) and does not react 
with a recording film material may be used. The 
reflection film material is not limited to Al or Al 
alloy but any material may be selected in accor- 
dance with a desired recording sensitivity. 

By providing the reflection film described 
above, the temperature rise of the recording film 
due to the irradiation of the laser beam for record- 
ing or erasing can be suppressed. As a result, the 
mutual diffusion between layers, particularly be- 
tween metal layers due to recording or erasing is 
hard to occur and a change of a magnetic char- 
acteristic by the repetition of erasure can be sup- 
pressed. 

In the structure of Fig. 25, the light is directed 
from the substrate side. A similar effect may be 
attained when the reflection layer 505 is formed on 
the substrate 501 , the record layers 502 - 504 are 
formed thereon alternately, and the light is directed 
from the medium side to effect recording, repro- 
ducing or erasing. 

When it is actually used as a disk, an optical 
effect enhancement film (Kerr enhancement film) of 
an inorganic dielectric material represented by sili- 
con nitride may be provided between the substrate 
501 and the multi-layer recording films 502 - 504. 

In an embodiment of Fig. 28, a Pd layer 508, a 
FeCo layer 509 and a Si0 2 layer 510 are al- 
ternately laminated on a substrate 501. The manu- 
facturing method is same as that in the embodi- 
ment of Fig. 25 and the 3-element simultaneous 
sputtering method is used. The thickness of the 
respective layers are approximately 12 A for the 
Pd layer 508, approximately 6 A for the FeCo layer 



509, and approximately 8 A for the SiO layer 510. 
The total thickness of the alternate laminated layer 
is approximately 400 A. Then, AuPd is sputtered to 
a thickness of 500 A to form the reflection layer 
5 505 to complete the disk. 

Fig. 29 shows a waveform dependency of the 
disk to the Kerr rotation angle. In this case, a 
recording film which has a peak Kerr rotation angle 
in a vicinity of 480 nm was formed. When Pt-Fe- 

10 Co-SiNx was combined, the Kerr rotation angle was 
increased to about 0.9 degree. When Pd-Co-SiO 
was used, the maximum angle was 0.65 degree, 
but when FeCo alloy was used, the Kerr rotation 
angle increased compared to a case where Fe or 

15 Co was used singly. Pt, Au or Rh may be used in 
place of Pd, and any dielectric material film repre- 
sented by SiNx, AIF 3 or AI2O3 may. be used in 
place of SiO. Instead of directing the laser beam 
from the substrate side, the reflection film may be 

20 formed on the substrate and the recording films 
may be alternately laminated thereon and the light 
may be directed from the film side. 

A magneto-optical effect enhancement film 
(Kerr enhancement film) of an inorganic dielectric 

25 material may be formed between the substrate 501 
and the multi-layer recording films 508 - 510 in 
order to improve the performance. 

In an embodiment of Fig. 30, a PtCo alloy layer 
• 511 and an AIN layer 512 are alternately laminated 

30 on the substrate 501. The manufacturing method is 
same as that in the embodiment of Fig. 25 and 
two-element simultaneous sputtering method is 
used. The thicknesses of the respective films are 5 
A for the PtCo layer 51 1 , and 3 A for the AIN layer 

as 512. Then, a CuNb film is formed to a thickness of 
500 A to form the reflection layer 502 to complete 
the disk. 

Fig. 31 shows a wavelength depending of the 
disk to the Kerr rotation angle. In the disk of the 

40 present embodiment, the rotation angle is maxi- 
mum in the vicinity of the wavelength 450 nm of 
the laser beam. The peak value can be controlled 
by controlling the thicknesses of the respective 
layers. By using PtCo alloy, a larger Kerr rotation 

45 angle than that obtainable when PtCoFe alloy is 
used is attained. Instead of directing the light from 
the substrate side, the reflection film may be 
formed on the substrate and the recording layers 
may be formed thereon and the light may be 

so directed from the film side. 

A magneto-optical Kerr effect enhancement 
film (Kerr enhancement film) may be formed be- 
tween the substrate 501 and the multi-layer record- 
ing films 511 and 512 in order to improve the Kerr 

65 effect. 

A sectional view of a double-side disk having 
the multi-layer recording films formed in the above 
embodiment is shown in Fig. 32. The recording film 
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medium 513 having the multi-layer structure shown 
in the embodiment of Fig. 25, 28 or 30 is formed 
on the disk substrate 501 having a spiral guide 
groove or circular guide groove, the metal reflec- 
tion film 505 is formed thereon, the recording film 
media 513 having the multi-layer structure is again 
formed, and a flat substrate 514 made of the same 
material as that of the substrate having the guide 
groove is bonded to the multi-layer structure. In 
this manner, the double-side disk can be manufac- 
tured in a simple method. Since only one substrate 
which has the guide groove is required, the manu- 
facturing cost of the disk can be reduced. 

In accordance with the recording medium of 
the present invention, the layers having the mag- 
netic anisotropy and the dielectric material made of 
the inorganic compound are alternately laminated 
and the thicknesses of the respective layers are 
controlled to attain maximum Kerr and Faraday 
rotation angles at the wavelength of the laser beam 
used. A material which shows a large rotation angle 
in a short wavelength band, for example, around 
400 - 600 nm and a high errosion resistance is a Pt 
group element - Fe group element alloy. Where the 
Pt group element and the Fe group element are 
alternately laminated, the anisotropy is increased 
and the magneto-optical film is stabilized. This 
characteristic is enhanced by alternately laminating 
the recording film and the dielectric material. The 
lamination in the order of angstrom (A) is particu- 
larly effective. As a result, a recording film having a 
significantly large magneto-optical effect even in 
the short wavelength band can be formed and a 
sufficiently high reproduced signal may be pro- 
duced even with a high density recording. 



Claims 

1. An information recording and reproducing 
method comprising the steps of: 

applying a magnetic field (Fig. 2C) of a polarity 
corresponding to information (Fig. 2A) to be re- 
corded v/hile a recording spot (SP2; SP2 ) of a high 
energy is irradiated to a magneto-optical recording 
medium (1) to record domains (106) representing 
the information along a track; and 
reading out the domains by a reproducing spot 
(SP1) having a lower energy than the recording 
spot and a high resolution power along the track. 

2. An information recording and reproducing 
method comprising the steps of: 

applying a magnetic field (Fig. 20) while a record- 
ing spot (SP2; SP2'; SP1) having a high energy is 
irradiated to a magneto-optical recording media (1) 
and switching a polarity of the magnetic field in 
accordance with information (Fig. 2A) to be re- 
corded to record domains (106) representing the 



information along a track; and 
reading out the domains by a reproducing spot 
(SP1) having a low energy emitted from a laser 
beam having a wavelength of not greater than 600 
5 nm. 

3. An information recording and reproducing 
method according to Claim 1 wherein the reproduc- 
ing spot (SP1) is formed by a laser beam having a 
wavelength of not longer than 600 nm. 
to 4. An information recording and reproducing 

method according to Claims 2 or 3 wherein the 
recording spot (SP2) is formed by a laser beam 
having a wavelength of not shorter than 600 nm. 

5. An information recording and reproducing 
T5 method according to any one of Claims 2 and 4 

wherein the reproducing spot (SP1) is formed by a 
second harmonics emitted from a semiconductor 
laser having a wavelength of 830 nm. (See Fig. 15) 

6. An information recording and reproducing 
20 method according to any one of Claims 1 to 4 

wherein a shape of at least one of the recording 
spot (SP2; SP2) and the reproducing spot (SP1) 
extends perpendicularly to the track. (See Figs. 
16A, 20, 21 and 24) 

25 7. An information recording and reproducing 

method according to any one of Claims 1 to 6 
wherein the recording spot (SP2; SP2') and the 
reproducing spot (SP1) are irradiated through one 
objective lens (5), and a focusing signal and a 

ao tracking signal are detected from a reflected light 
of the recording spot (SP2; SP2). (See Fig. 12A) 

8. An information recording and reproducing 
method according to any one of Claims 1 to 7 
wherein the recording spot (SP2; SP2) and the 

35 reproducing spot (SP1) are irradiated through sepa- 
rate objective lenses (29, 57), and a focusing signal 
and a tracking signal are detected from reflected 
lights of the recording spot and the reproducing 
spot, respectively. (See Figs. 14 and 15) 

40 9. An information recording and reproducing 

method according to Claim 8 wherein a shape of 
the reproducing spot (SP1) extends perpendicularly 
to *the track, an optical depth of a guide groove 
(110) formed in the magneto-optical recording me- 

45 dium (1) is selected such that an amplitude of a 
tracking signal by the recording spot (SP2) and an 
amplitude of a tracking signal by the reproducing 
spot (SP1) are substantially equal to permit the 
toiiowing of the guide groove by the recording spot 

so (SP2) and the reproducing spot (SP1). (See Figs. 
16A and 17) 

10. An information recording and reproducing 
method according to Claim 8 wherein the three 
spots (SP1, SUB SP) are irradiated through as 

55 objective lens (57) for irradiating the reproducing 
spot, a middle spot (SP1 ) is used as the reproduc- 
ing spot and the end spots (SUB SP) are used to 
detect a tracking signal, and an optical depth of a 
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guide groove (110) formed in the magneto-optical 
recording medium (1) is set such that an amplitude 
of the tracking signal by the recording spot (SP2) is 
substantially maximum. (See Fig. 16B) 

11. An information recording and reproducing 
method according to any one of Claims 8 to 10 
wherein an optical depth of pits (112) formed in the 
magneto-optical recording medium (1) is set such 
that an amplitude of a reproduced signal by the 
recording spot (SP2) and an amplitude of a repro- 
duced signal by the reproducing spot (SP1) are 
substantially equal. (See Fig. 18) 

12. An information recording and reproducing 
method, according to any one of Claims 1 to 11 
wherein a multi-layer recording film having a num- 
ber of metal layers (502, 503; 508, 509; 511) and 
dielectric layers (504; 510; .512) alternately lami- 
nated is used. (See Figs. 25, 28, and 30) 

13. An information recording and reproducing 
method according to Claim 12 wherein said metal 
layer consists of at least one material layer (502; 
508) selected from Pt, Pd, Rh and Au and at least 
one material layer (503; 509) selected from Co and 
Fe. (See Figs. 25 and 28) 

14. An information recording and reproducing 
method according to Claim 12 wherein said metal 
layer is an alloy layer (511) of at least one element 
selected from Pt, Pd, Rh, Ca and Au and at least 
one element selected from Co and Fe. (See Fig. 
30) 

15. An information recording and reproducing 
method according to any one of Claims 12 to 14 
wherein a light reflection layer (505) is formed on a 
lowermost or uppermost layer of the multi-layer 
structure. (See Figs. 25, 28, 30) 

16. A magneto-optical memory apparatus com- 
prising: 

a motor (18) for movably carrying a magneto- 
optical recording medium (1); 
a recording head (11. 12; 200, 12) having an optical 
system (5; 29) for irradiating a recording spot (SP2; 
SP2) having a high energy to said magneto-optical 
recording medium (1) and a magnetic head (12) for 
applying a magnetic field (Fig. 2C) of a polarity 
corresponding to information (Fig. 2A) to be re- 
corded to an irradiation area of said recording spot, 
for recording domains (106) representing the in- 
formation along a track; and 

a reproducing head (11; 300) having an optical 
system (5; 57) for irradiating a reproducing spot 
(SP1) having a lower energy than said recording 
spot and a high resolution power along the track to 
said magneto-optical recording medium (1) and a 
magneto-optical signal detection system (8) for de- 
tecting a displacement of a polarization plane of a 
reflected light of the reproducing spot (SP1) to read 
out the recorded domains(106). 

17. A magneto-optical memory apparatus com- 



prising: 

a motor (18) for movably carrying a magneto 

optical recording medium (1); 

a recording head (11, 12; 200, 12) having an optical 

5 system (5; 29) for irradiating a recording spot (SP2; 
SP2) having a high energy to said magneto-optical 
recording medium (1) and a magnetic head (12) for 
applying magnetic field (Fig. 2C) having a polarity 
thereof switched in accordance with information 

70 (Fig. 12A) to be recorded, to an irradiation area of 
the recording spot for recording domains (106) 
representing the information along a track; and 
a reproducing head (11; 300) having an optical 
system (5; 57) for irradiating a reproducing spot 

75 (SP1) having a low energy emitted by a laser beam 
having a wavelength of not larger than 600 nm to 
said magneto-optical recording medium and a 
magneto-optical signal detection system (8) for de- 
tecting a displacement of a polarization plane of a 

20 reflected light of the reproducing spot (SP1 ) to read 
out to recorded domains (106). 

18. A magneto-optical memory apparatus ac- 
cording to Claim 16 wherein said reproducing head 
forms the reproducing spot by a laser beam having 

25 a wavelength of not longer than 600 nm. 

19. A magneto-optical memory apparatus ac- 
cording to Claims 17 or 18 wherein said recording 
head forms the recording spot by a laser beam 
having a wavelength of not shorter than 600 nm. 

so 20. A magneto-optical memory apparatus ac- 

cording to any one of Claims 16 to 19 wherein said 
reproducing head forms the reproducing spot by a 
second harmonics generated by a second har- 
monics generating element from a laser source. 

35 21. A magneto-optical memory apparatus ac- 

cording to any one of Claims 16 to 20 wherein a 
shape of at least one of the recording spot and the 
reproducing spot extends perpendicularly to the 
track. 

40 22. A magneto-optical memory apparatus ac- 

cording to any one of Claims 16 to 21 wherein an 
optical system is shared by said recording head 
and said reproducing head, the recording spot and 
the reproducing spot are irradiated through said 

45 optical system, and said recording head includes a 
control signal detector for detecting a focusing sig- 
nal and a tracking signal from a reflected light of 
the recording spot. 

23. A magneto-optical memory apparatus ac- 
50 cording to Claims 16 to 21 wherein the recording 

spot and the reproducing spot are irradiated 
through separate optical system, and said record- 
ing head and said reproducing head have detectors 
for detecting a focusing signal and a tracking signal 
55 from reflected lights of the recording spot and the 
reproducing spot, respectively. 

24. A magneto-optical memory apparatus ac- 
cording to Claim 23 wherein a shape of the re- 
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producing spot extends perpendicularly to the 
track, an optical depth of a guide groove formed in 
the magneto-optical recording medium is selected 
such that an amplitude of a tracking signal by the 
recording spot and an amplitude of a tracking sig- 
nal by the reproducing spot are substantially equal 
to permit the tracing of the guide groove by the 
recording spot and the reproducing spot. 

25. A magneto-optical memory apparatus ac- 
cording to Claim 23 wherein the three spots are 
irradiated through the optical system for irradiating 
the reproducing spot, a middle spot is used as the 
reproducing spot and the end spots are used to 
detect a tracking signal, and an optical depth of a 
guide groove formed in the magneto-optical record- 
ing medium is set such that an amplitude of the 
tracking signal by the recording spot is substan- 
tially maximum. 

26. A magneto-optical memory apparatus ac- 
cording to any one of Claims 23 to 25 wherein an 
optical depth of pits formed in the magneto-optical 
recording medium is set such that an amplitude of 
a reproduced signal by the re cording spot and an 
amplitude of a reproduced signal by the reproduc- 
ing spot are substantially equal. 

27. A magneto-optical memory apparatus ac- 
cording to any one of Claims 16 to 26 wherein a 
multi-layer recording film having a number of metal 
layers and dielectric layers alternately laminated is 
used. 

28. A magneto-optical memory apparatus ac- 
cording to Claim 27 wherein said metal layer con- 
sists of at least one material layer selected from Pt, 
Pd, Rh and Au and at least one material layer 
selected from Co and Fe. 

29. A magneto-optical memory apparatus ac- 
cording to Claim 27 wherein said metal layer is an 
alloy layer of at least one element selected from 
Pt, Pd, Rh, Ca and Au and at least one element 
selected from Co and Fe. 

30. A magneto-optical memory apparatus ac- 
cording to any one of Claims 27 to 29 wherein a 
light reflection layer is formed on a lowermost or 
uppermost layer of the multi-layer structure. 

31. A magneto-optical recording medium com- 
prising: 

a recording film (513) having a multi-layer structure 
of alternate lamination of a number of metal layers 
(502, 503; 508, 509; 511) and dielectric layers (504; 
510; 512). 

32. A magneto-optical recording medium ac- 
cording to Claim 31 wherein said metal layer con- 
sists of at least one material layer (502; 508) se- 
lected from Pt, Pd f Rh and Au and at least one 
material layer (503; 509) selected from Co and Fe. 

33. A magneto-optical recording medium ac- 
cording to Claim 31 wherein said metal layer is an 
alloy layer (511) of at least one element selected 



from Pt, Pd, Rh, Ca and Au and at least one 
element selected from Co and Fe. 

34. A magneto-optical recording medium ac- 
cording to any one of Claims 31 to 33 wherein a 

5 light reflection layer Is formed on a lowermost or 
uppermost layer of the multi-layer structure. 

35. A magneto-optical recording medium ac- 
cording to any one of Claims 31 to 33 wherein the 
layers are laminated such that a total film thickness 

10 of the metal layers is not larger than 50 nm, and a 
light reflection layer is formed on a lowermost or 
uppermost layer. 

36. A magneto-optical recording medium ac- 
cording to any one of Claims 31 to 35 wherein the 

75 dielectric layer is made of oxide, nitride, fluoride or 
calcogenite of a metal, and more preferably the 
compound is selected from the least one of SiNx, 
SiOx, AINx, ZnS, AIF 3 , Ti0 2 , BN, AI2O3, CrOx and 
Ta 2 0 5 . 

20 37. A magneto-optical recording medium ac- 

cording to any one of Claims 31 to 36 wherein the 
film thickness of the metal layer or one or both of 
the film thickness and a refractive coefficient of the 
dielectric layer is controlled to maximize an output 

25 of a reproduced signal at the wavelength of the 
light used for recording, reproducing or erasing. 

38. A magneto-optical recording medium ac- 
cording to Claim 34 or 35 wherein the uppermost 
or lowermost metal reflection film has a light reflec- 

30 tion function, and a temperature distribution of the 
recording film is controlled. 

39. A magneto-optical recording medium ac- 
cording to Claim 38 wherein the film for controlling 
the temperature distribution of the recording film is 

35 made of a material primarily consisting of an ele- 
ment selected from Al, Au, Ag, Cu, Pt, Pd and Rh 
with addition of at least one element selected from 
Ti, Ta, Cr, Nb, Ni and the metal elements other 
than mother metal listed in the above element 

40 group. 

40. A magneto-optical recording medium hav- 
ing a multi-layer recording film of Claims 31 to 39 
formed on a disk substrate having a guide groove, 
the metal reflection film formed, the multi-layer 

45 recording film formed again, and the substrate 
formed thereon, wherein lights are simultaneously 
directed from both sides or light is directed from 
one side to record, reproduce or erase information. 
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© A magnetic field of a polarity corresponding to 
information to be recorded is applied while a record- 
ing spot having a high energy is irradiated to a 
magneto-optical recording medium (1) to record do- 
mains representing the information along a track. 
The recorded domains (106) are read out by a 
reproducing spot having a lower energy than the 
recording spot and a high resolution power along the 
track. A recording head (11) has an optical system 



(2 - 9) for irradiating the recording spot having the 
high energy to the magneto-optical recording me- 
dium (1) and a magnetic head (12) for applying a 
magnetic field having a polarity thereof switched in 
accordance with the information to be recorded, to 
an irradiation area of the recording spot, a reproduc- 
ing head (300) has an optical system for irradiating 
the reproducing spot having the low energy by a 
laser beam having a wavelength of not larger than 
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600 nm and a magneto-optical signal detector for 
detecting a displacement of a polarization plane of a 
reflected light of the reproducing spot to read out the 
recording domains. The magneto-optical recording 



medium (1) is made of a recording film having a 
multi-layer structure (101 - 103) of alternate lamina- 
tion of metal layers and dielectric layers. 
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